Full structural model description
For brevity, a complete description of the model was omitted from the full text. A number of considerations were put into the development of a model for the incorporation of a dopant into the Li12[Li2Ni3Mn7]O24 supercell. First, the location of the dopant may vary between doping cases. As a rule of thumb, delithiation and E F Ov calculations were performed on the lowest energy configuration for each dopant scenario. It should be noted that the local environment of a particular oxygen vacancy does not necessarily contain the same local environment across dopants. Similarly, the incorporation of a dopant is naturally accompanied by an increased variety of local environments ( Figure S1c) . However, the general trends to remain the same: in the relaxed structure, the oxygen vacancy near a combination of a nickel atom, a transition metal layer lithium vacancy, and a lithium-layer lithium that has migrated to a tetrahedral dumbbell site consistently produces the lowest E Mott-Hubbard values used in the GGA+U calculations in this work are provided in Table S1 
Calculation results in the context of oxygen redox
As shown in previous work, the notion of labile oxygen is observed computationally through he increased density of states below the Fermi level of oxygen atoms coordinated with TM layer lithium. This work, having used GGA+U similarly shows an increased oxygen density of states below the Fermi level for oxygen with a linear Li-O-Li bond ( Figure S2b ), suggesting that electronic structure for oxygen redox is still observable using the GGA+U functional. Conversely, oxygen sites lacking the Li-O-Li bond lack this delocalized density ( Figure S2a ). 
Bader charge analysis
Although unable to quantitatively determine oxidation states, Bader charge analysis is useful for examining trends in charge density behavior. Table S4 . Mo-doped sample shows reduced RCT before and after cycling, and much smaller RSEI after 30 cycles. It is clearly shows in Figure S3 that after Mo doping, the material exhibits much reduced impedance and improved ionic diffusion. Table S4 lists the quantitatively fitting results of both materials before and after cycling. [15] [16] [17] Then the as-prepared TM precursors were mixed with a stoichiometric amount of LiOH·H2O and Al2O3 (for Al-doped sample). Ti was incorporated during co-precipitation process by using Ti(OC4H9)4. After grinding for 30 minutes, the mixture was then annealed by two steps, 480 o C for 12 hours and 900 o C for 12 hours in air, to get the final product. In Figure S4 However, it is worth mentioning that our conclusions on Al and Ti doping into lithium rich layered oxides are not in agreement with most previous studies, as variations of electrochemical performances were observed after doping in these other works. experimental work also shows that higher substitution amounts (6-20%) of Al and Ti doping lead to a suppression of oxidation of O 2-ions to oxygen. 12 Though based on both of our computational and experimental results, we speculate the more drastic changes in electrochemical behaviors in these previous works may to some extent be attributed to incomplete dopant incorporation and subsequent surface effects.
To verify the phase purity and observe structure changes of as-synthesized materials, X-ray diffraction and subsequent
Rietveld refinement were performed ( Figure S5 ). For LNMLO-Al, two dopant ions per formula unit substitutes one Ni 2+ (0.69 Å) and one Mn 4+ (0.53 Å) to maintain charge balance during synthesis. The decreased lattice parameters of LNMLO-Al can be ascribed to the smaller ionic radius of Al 3+ (0.535 Å). Accordingly, the refined experimental a-lattice parameter of LNMLO-Ti does not show obvious change compared with that of undoped LNMLO. Variation in structural parameters with cation substitution was also calculated by DFT (Table S5 ). It was predicted that Al-doping results in a slight contraction lattice parameters, showing reduced bond lengths in the MO6 octahedron. Further consistent with experiment, Ti is predicted to expand the c lattice parameter, due to the increased Ti-O bond lengths relative to the replaced Mn-O bond lengths. As shown in Figure S5 and Table S5 , experimental fittings show these values to generally follow the predicted trends. The XRD results suggest Al and Ti have been successfully doped into the structure. 
X-ray diffraction
To observe structural change and verify phase purity, X-ray diffraction and subsequent Rietveld refinement were performed on all samples studied in this paper. The experimental observations of lattice parameters variation for LNMLO-Co, LNMLOCoMo, LNMLO-Al, and LNMLO-Ti, match well with DFT calculation prediction, indicating all dopants have been successfully incorporated into the pristine NM structure. For Mo, 1% is the saturate point of doping according to previous study. 18 Consistently in the present work, 3% of doping shows impurity peaks. 
Evidence of uniform doping distribution
To confirm the uniformity of Mo distribution, focused ion beam cross-sections of secondary particles was performed, allowing a clear view of the distribution of transition metal ions through profiles of the primary particles. Using energy dispersive xray spectroscopy, a uniform distribution of all TMs is observed, suggesting that the Mo dopant is uniformly distributed throughout the bulk of the material. Figure S9 : Energy dispersive x-ray spectroscopy was performed on a focused ion beam cross-section of a secondary particle of the Mo-doped material. (a) The Mo map suggests that the Mo is evenly disbursed, further evidence of incorporation into the structure. (b) Similarly, a higher resolution line-scan shows no accumulation at primary particle boundaries and surfaces.
Mo-doping of Li2MnO3 similarly shows improved capacity retention
Mo-doped material Li2Mn1-xMoxO3 was prepared by a typical sol-gel method. Lithium acetate, manganese acetate and ammonium heptamolybdate precursors were mixed and heated up to 100 o C until a gel-like solution formed. The gel precursor was calcined at 600 o C for 6 hr to obtain the Li2Mn1-xMoxO3 cathode powder. Mo doping of x=0, 2.5, and 5.0 were synthesized, characterized by XRD ( Figure S10 ), and cycled ( Figure S11 ). Cycling data shows notably improved capacity retention with increased amount of Mo dopant, further supporting the ability of Mo to prevent oxygen vacancy formation. 
